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Prior to the general employment of a newly introduced device for roentgen
therapy, it is imperative that its action and possible advantages be subjected
to impartial, critical evaluation. The purpose of this communication is to pro-
vide information concerning the physical characteristics and field of distribu-
tion of the radiation obtained from a new type of beryllium window roentgen
therapy tube (1) with which at least two manufacturers are now equipping their
long wave-length roentgen therapy (grenz ray) apparatus.
Recently, numerous publications have directed the dermatologist's attention
to the advantages of grenz ray therapy (2). However, the fragility of the tube
window and the limited size of the field of radiation of earlier apparatus milita-
ted against the general acceptance of this important therapeutic modality. The
type of tube herein discussed overcomes these disadvantages and provides a beam
which includes the full range of grenz rays (ito 3 Angstrom units).
DESCRIPTION OF THE NEW TYPE TUBE
One of these tubes is described in detail. It is made up of essentially the same
components as the usual shock proof therapy tube (figure 1), but differs in that
the roentgen rays originating at the target of this tube pass through only a be-
ryllium window before striking the skin.
The cathode filament is of the line focus type and is 0.469 in. (1.19 cm.) in length. The
anode is tilted to an angle of 20° from the vertical so that the electrons from the cathode
strike along a distance of 0.50 in. (1.27 cm.) on the tungsten target. The distance from
the upper margin of the target to the cathode is 0.483 in. (1.23 cm.) and from the lower
margin of the target to the cathode is 0.643 in. (1.53 cm.). These measurements are subject
to manufacturing variations of in. (0.040 cm.). From the center of the target to the
outer surface of the window, the distance is 0.787 in. (2.0 cm.). The beryllium window
thickness is nominally 0.040 in. (0.10 cm.) with a manufacturing tolerance of 0.005 in. (0.013
cm.). The effective diameter of this window is 0.75 in. (1.90 cm.). There are crosses on
the tube surface to indicate the "nominal" center of the focal spot. The exact location of
this focal spot may vary slightly from tube to tube due to manufacturing variations. The
entire tube is enclosed in a metal housing and the anode is water cooled.
This tube is capable of operating at any voltage up to 50 kilovoits (1(V) with
currents up to 50 milliamperes (ma). It is now available on roentgen therapy
apparatus produced by at least two different manufacturers (fig. 2). Unit A
may be operated at from 0 to 30 KV and from 0 to 20 ma. Unit B may
be operated at from 0 to 50 KV and from 0 to 50 ma. However, this investiga-
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tion includes only a voltage range of 6 to 14 KV (grenz ray range) because it was
felt that the range between 14 and 50 KV has not been adequately explored
Fin. 1. Beryllium window low voltage roentgen therapy tube (Courtesy Machiatt Labo-
ratories, Inc.).
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Fm. 2. Calibration of units provided by two different manufacturers
and tried out physically to be sufficiently established as a therapeutic measure at
this time.
QUALITY AND INTENSITY OF EMITTED RADIATION
The half value thickness layer (HYL) in aluminum is today the preferred
measure of radiation quality. It indicates the softness or hardness of the mci-
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dent beam and from it one can estimate the extent of skin penetration. It is
a more dependable measure for this purpose (penetration) than the kilovoltage.
In the grenz ray range, the HYL in aluminum is subject to relatively large var-
iations with small changes in the kilovoltage. It was found that the primary
voltmeter could not be relied upon entirely to indicate the true voltage derived
from the secondary coil of the step-up transformer when the latter is designed
to produce voltages from 1 to 50 KY. It is therefore the HVL, rather than the
kilovoltage reading on the instrument panel, upon which one must place depen-
dence in determining the quality of the beam.
The indicated HYL's in aluminum (figure 2) are those generally accepted to
be within the grenz ray range. Kalz (2(f)) states that the hardest rays which
may be employed without danger correspond to a HYL of 0.034 mm. aluminum,
and maintains that if more penetrating rays are applied the vascular layer of the
skin will be reached and the chief advantage of grenz rays will be lost. Mac-
Kee and Cipollaro (3) mention a HYL of 0.036 mm. aluminum as being within
the grenz ray range. It is the HVL of the beam emanating from the tube, not
the kilovoltage indicated by the meter, which determines the penetrability of
the beam.
It should be emphasized that measurements of the output must be performed
with special thin walled thimble chambers which are corrected for this very soft
radiation. The bakelite thimble chamber employed for measuring harder ra-
diations absorbs so much of this soft radiation that it gives a reading of approx-
imately 50% of the actual dosage at a wave length of 1.5 Angstrom units (4).
Although Unit B may be operated at 50 ma with 50 KY, transformer peculiari-
ties provide a maximum radiation intensity with approximately 10 ma in the
range of 6 to 14 KY. It is for this reason that calibration was performed at 10
ma on this apparatus. Each unit should, of course, be individually calibrated.
A sample calibration for each of the two units now purchasable in the United
States is presented in figure 2.
FIELD DISTRIBUTION
The ideal field distribution is that which adheres closely to the application of
the inverse square law. The peripheral falling off of intensity of radiation in a
plane can then be calculated with the application of the inverse square law; and
the overlapping technic for irradiating large areas can be accurately employed.
The importance of distribution of the radiation intensity in a flat field has been
emphasized in recent publications (5) and will not be further considered at this
time.
In order to measure the field, the indicated focal spot of the anode was placed
directly over the center of a paper lined off in square centimeters. The thimble
chamber was centered at this point by means of plumb lines dropped from the
crosses on the tube which indicate the position of the focal spot, and a reading
was taken. The chamber was then moved at one centimeter intervals toward
the periphery on the cathode side; a reading was recorded after each shift of the
chamber and recorded in per cent of the perpendicular beam. The same pro-
cedure was carried out toward the periphery at the anode side. Measurements
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were then taken at right angles to the first direction. All readings were inde-
pendently rechecked three times to insure accuracy. Readings were taken on
planes 10 cm. and 20 cm. distant from the focal spot at an indicated voltage of 10
KY.
The curve A in figure 3 indicates the ideal distribution calculated with the in-
verse square law. The curve B in figure 3 indicates the measured results of the
distribution along the anode-cathode axis of the radiation emitted from this
tube and reveals a considerable deviation from the normal. It will also be noted
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Fio. 4. Size of field irradiated and relative intensity of radiation at different target-skin
distances.
that at a target-skin distance (TSD) of 8 in. (20 cm.) the maximum intensity of
radiation is not at a point perpendicularly under the focal spot, but it lies about
1 in. (2.5 cm.) toward the cathode end, and at this point measures 107.3% of
the perpendicular beam. Figure 4 demonstrates the rapid falling off of inten-
tensity at the anode side so that at 20 dm. TSD an 80% intensity is measured
1.10 in. (2.8 cm.) from the perpendicular beam; and a 50% intensity at 1.87 in.
(4.75 cm.). On the cathode side the 80% intensity is at 2.89 in. (7.35 cm.) from
the perpendicular beam at 20 cm. TSD; and the 50% intensity is at 3.27 in.
(8.3 cm.).
I I I ii
, -
- - çATHOOE
T: - 4o_4.
:' t---_-IANODE.
-e.o4_
.s.
4-1Q- •- ,- -
I I I
1110967 6543:1 0 12343 G 789 1011
CE NT I MET ERS
FIG. 3. Distribution of radiation along the anode-cathode axis at 8 in. (20 cm.) TSD.
Curve A: Ideal distribution calculated with the inverse square law. Curve B: Measured
distribution from the new type tube.
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In a line at right angles to the anode-cathode axis at 20 cm. TSD, the 80%
intensity is at 2.78 in. (7.0 cm.) and the 50% intensity is at 3.19 in. (8.1 cm.)
from the perpendicular beam on either side. Measurement of the oblique field
showed the expected variations for the anode and cathode sides.
At 10 cm. TSI) the field is slightly larger than would he indicated by figure
4, probably because the air absorption of this very soft radiation is less at the
10 em. than at the 20 cm. distaBee, hut the general characteristics of the field
remain the same.
The anode shadow effect (heel effect) indicated by the rapid diminution in
intensity of radiation on the anode side of the tube had been observed previously
by other investigators as a characteristic of many shock proof tubes. It is caused
essentially by the projection of the lower border of the anode into the beam from
the focal spot. The more closely the anode approaches the vertical, the greater
will be the anode shadow effect. Conversely, as the angle of the anode departs
from a vertical plane, this effect will diminish. It is of little significance in the
old type Coolidge tube which has a 45° anode angle, but the 20° or smaller anode
angles of some tubes result in a substantial anode shadow.
COMMENT
The discrepancy in HVL of the beam produced at a given kilovoltage is prob-
ably due to inherent characteristics of the transformers in the energizing units
provided by the manufacturers. In order to insure that one is operating the
unit in the grenz ray range, it would then seem advisable to measure the HYL
in aluminum for each unit and to calibrate the apparatus according to the HVL
of the beam rather than the kilovoltage indicated on the control panel, although
the latter may serve as a rough indicator of the former.
It is evident that the formula generally taught for computation of roentgen
maXtXKV2
ray intensity (I = --—---——- ) is not applicable for radiation in this kilo-
voltage range. Although Unit B may be operated at 50 ma \vith 50 KV, the
maximum intensity of radiation in the grenz ray range is obtained when approx-
imately 10 ma are employed. Moreover, the air absorption of this very
soft radiation produces greater diminution of radiation intensity than is indicated
by the formula. Thus if the TSD is doubled, one obtains somewhat less than
the dosage. A calibration sheet such as indicated in figure 2 is recommended.
All the earlier developments of dermatologic radiation methods were made
with the universal type Coolidge tube which had a round focal spot approxi-
mating a point source of radiation and a window located concentric to the focal
spot radiations. This produced an even irradiation according to the geometric
principle of radiation emission from a point source. Under such conditions,
the intensity of the beam is practically the same at all points equidistant from
the focal spot; and if a plane surface is irradiated, the inteBsity at any point on
that surface can he calculated by the inverse square law. With the new type
tube studied here, the factors are so extensively altered that the simple condi-
tions of the universal type Coolidge tube are no longer maintained. For exam-
ple, if the entire dorsum of the hand were to be irradiated at a 20 cm. TSD, it
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is evident that the portion of the skin surface toward the anode side of the tube
would be relatively underdosed and that portion near the cathode side would
receive a slight overdose. If one considers the limitations of the field and employs
a chart similar to figure 4, this difficulty may, to a large extent, be obviated.
(These deviations from optimum field distribution are characteristic of almost
all present day shock proof roentgen therapy tubes regardless of voltage capa-
city and this deficiency should not be construed as being a characteristic pecu-
liar to the tubes employed in this investigation.)
The recommended corrections are time consuming and susceptible to error.
Manufacturers of roentgen therapy apparatus should attempt to produce tubes
with round focal spots and curved windows of uniform thickness concentric to
the focal spot radiations. Moreover, these tubes should be provided with an
anode angle sufficient to minimize the anode shadow effect. In this way, an al-
most uniform distribution of radiation intensity over the entire field and a great
simplification of exposure technic would result.
SUMMARY
The physical characteristics of a new type of superficial roentgen therapy tube
are described. This tube may be effectively operated in the grenz ray range.
Its sturdiness and the apparently durable construction of its window are im-
portant advantages over older types of grenz ray tubes. It is emphasized that
half value thickness layer measurements rather than indicated kilovoltage serve
as the indicator of beam penetrability. The field distribution of the emitted
radiation is discussed and the need for its measurement is stressed.
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